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ABSTRACT 



An electrophotographic color image forming method 
whereby black, yellow, magenta and cyan toner images 
are superimposed on a photoconductor (54) to transfer 
to paper, exposure being changed between black and 
color in a method in which development of black is 
performed by a contact developing method, and devel- 
opment of color by a direct current electric field projec- 
tion developing method. Also, in exposure for color, the 
exposure amount is adjusted between highlight and 
shadow areas. A full color image of high saturation with 
good balance between black and color components is 
reproduced by changing the exposure amount between 
black and color. It is also possible to obtain a color 
image with good reproducibility of highlight areas as 
well as shadow areas. 

18 Claims, 11 Drawing Sheets 
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FIG. 1(a) 

Logic for determining the exposure amount for color 
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FIG. 2 
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FIG. 4 
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Logic for determining the exposure amount for color 
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FIG. 8(a) 
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FIG. 10(a) 
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FIG. 12(a) 
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FIG. 13(a) 

Referential examples of reference spots 
8/8: All 8 reference spots are in a non-exposure state 
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FIG. 13(c) 

1/8: One of the 8 reference spots are in a non- exposure state 
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FIG. 13(d) 

0/8: None of the 8 reference spots are in a non-exposure state 
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FIG. 13(e) 

7/8: Seven of the 8 reference spots are in a non-exposure state 
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3/8 : Three of the 8 reference spots are in a non-exposure state 
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the surface speed of 150 mra/s. The photoconductor 17 

ELECTROPHOTOGRAPHIC IMAGE FORMING is charged at the surface potential of + 700 V by means 
METHOD of a corona charger 18 (scorotron charger, corona volt- 

age: +7 kV, grid voltage: +820 V). 
TECHNICAL FIELD 5 Next, a light emitting diode array 19 is energized to 

The present invention relates to an electrophoto- emit lj g ht of 670 wavelength, exposing the photo- 
graphic image forming method which can be utilized conductor through a self-focusing rod lens array 20. At 
for a hard copy apparatus such as a copying machine, a the light intensity on the photoconductor 

printer or the like. surface is 2.2 jiJ/cm 2 . Using the light emitting diode 

1° array 19, a negative yellow signal is first projected onto 
BACKGROUND ART ^ photoconductor 17 to form an electrostatic latent 

There have been proposed heretofore various meth- image. The latent image is then reversely developed by 
ods for the formation of electrophotographic color the yellow developer unit 1 which is put in a developing 
images wherein the cycle of charging, exposure and condition with +600V applied to the developing roller 
developing is repeated a plurality of times to form a 15 9. Thereafter, the photoconductor 17 is made to pass the 
plurality of toner images of different colors on an elec- magenta developer unit 2, the cyan developer unit 3 and 
trophotographic photoconductor (hereinafter called a the black developer unit 4, all in a non-developing con- 
photoconductor), the toner images then being trans- dition, to form a yellow toner image, 
ferred onto paper to reproduce a color copy image The photoconductor 17 is again charged at +850 V 
thereon. 20 by the corona charger 18. The photoconductor 17 is 

As an example of apparatuses using such electropho- then exposed to the light of the signal corresponding to 
tographic color image forming methods, the apparatus magenta by means of the light emitting diode array 19, 
has been proposed by the inventors of the present inven- t0 f orm a ma genta electrostatic latent image. Thereaf- 
tion in Japanese Patent Application No. 62-4367, is tef( the photoconductor 17 is made to pass the yellow 
described below with reference to FIG. 2. 25 developer unit 1 in a non-developing condition, the 

The reference numerals 1, 2, 3 and 4 indicate mono- mage nta developer unit 2 in a developing condition 
component, non-magnetic developer units of non-con- wkh +700 v applied to the developing roller 10, and 
tact type which project toner in a direct current electric the cyan developer unit 3 and black developer unit 4 - 
field. The toner is charged trirx>electncally with con- bQth - n a non . developing cond ition, to form a magenta 
ductive fur brushes 5, 6, 7 and 8 which are disposed in 30 i ma g e 

a contacting array with respective developing rollers, the photoconductor 17 is charged at +880 V 

thereby causing a thin layer of ^ toner to form on the photoconductor 17 is 

alummum developmg rollers 9 0 11 ^and 12 by means ^ d « ^ c onding t0 

of respective blades 13 £ ^ cyan b y means of the light emitTing diode array 19 to 

unit 1 contains insula 35 form a cyan electrostatic latent image. Thereafter, the 
?cT^^^ photoconductor 17 is made to pass toff?*?* 

units are disposed facing the circumference of a photo- opex umt 1 and magenta developer unit 2, both in a 
conductor 17, with a given gap (developing gap) pro- non-developing condition, and the cy^ developer unit 
vided between each of the developing rollers 9, 10, 11 40 3 in a developing condition with + 800 V applied to the 
and 12 and the photoconductor 17. Each developer unit developing roller 11, to form a cyan toner image. Then, 
is provided with a moving mechanism for causing it to thc photoconductor 17 is made to pass the black devel- 
move closer to the photoconductor 17 when developing OP" unit 4 in a non-developmg condition, 
is performed and to retract when developing is not Further, the photoconductor 17 is again charged at 
performed. The following shows the specification and 45 +«80 v *>y the corona charger 18. Thereafter, the pho- 
developing conditions of each developer unit, and the toconductor is exposed to the light of signal corre- 
properties of the toner used. sponding to black by means of the light emitting diode 

array 19 to form a black electrostatic latent image. 
SPECIFICATION OF DEVELOPER UNIT AND Then, the photoconductor 17 is made to pass the yellow 
DEVELOPING CONDITIONS 50 developer unit 1, the magenta developer unit 2, and the 

Diameter of developing roller: 16 mm cyan developer unit 3, all in a non-developing condi- 

Surface speed of developing roller: 150 mm/s tion, and the black developer unit 4 in a developing 

Routing direction of developing roller: condition with 4- 800 V applied to the developing roller 

With-<iirection of photoconductor Toner layer thick- 12, to form a black toner image, 
ness on developing roller: 30 /im Developing gap (gap 55 The color toner images thus formed on the photocon- 
between developing roller surface and photoconductor ductor 17 are transferred onto paper 22 by means of a . 
surface): 150 jim in developing condition, 700 urn in transfer corona 21, the transferred image then being 
non-developing condition fused by means of a fuser unit 23. In the meantime, after 

* transfer, the surface of the photoconductor 17 is posi- 
PROPERTIES OF TONER ^ t ively charged by means of a precleaning corona char- 

Charge amount of toner: -f 3 u-C/g ger 24, and then cleaned with a conductive fur brush 25 

Average particle diameter: 10 ujn with —150 V applied thereto by pressing it onto the 

Relative permittivity: Approximately 2 photoconductor 17. 

An amorphous Se-Te photoconductive drum of 100 However, when image forming was performed in the 
mm in diameter having increased sensitivity to the 65 above-mentioned conventional electrophotographic 
longer wavelength in the infrared region is used for the color image forming apparatus using a magnetic brush 
photoconductor 17 (with a thickness of 60 urn and a developer unit, shown in FIG. 3 for the black developer 
relative permittivity of 6.3), which is made to rotate at unit only, it has been found that there is a problem 
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which is hereinafter described. In FIG. 3, the reference 
numeral 27 indicates a developing roller containing a 
magnet therein, 28 a dual-component developer consist- 
ing of toner and iron particle carrier, 29 a mixing blade, 
30 a feeding auger for feeding toner from a toner 5 
hopper, 31 a developer mixing blade, and 32 a doctor 
blade. The following shows the specification and devel- 
oping conditions of the black developer unit 26, and the 
properties of the toner used. 

SPECIFICATION AND DEVELOPING 10 
CONDITIONS OF DEVELOPER UNIT 

Diameter of developing roller 27: 22 mm 
Surface speed of developing roller 27: 300 xnm/s 
Developer layer thickness on developing roller 27: 15 
400 u.m 

Rotating direction of developing roller 27: With- 
direction of the photoconductor (Same feeding direc- 
tion) 

Developing gap (gap between developing roller sur- 20 
face and photoconductor surface): 400 um in develop- 
ing condition, 2 mm in non -developing condition 

PROPERTIES OF TONER 

Type of developer: Dual-component developer of 25 
toner and carrier 

Average particle diameter of carrier: Approximately 
50 ftm 

Type of carrier: Teflon-coated ferrite 

Charge amount of toner: + 10 fiC/g 30 

Average particle diameter of toner: 8 fxm 

Relative permittivity: Approximately 2 

Hence, it has been discovered that because the non- 
contact type direct current electric field projection 
developing method used for the formation of color 35 
images and the contact type magnetic brush developing 
method used for the formation of black images are to- 
tally different developing methods, there are no expos- 
ing conditions applicable in common to the best repro- 
duction of both images, therefore, a color image of 40 
good quality cannot be obtained. To be specific, when 
the black and color images are developed under the 
same exposing conditions, it has been found that the 
black image comes out thick in contours, strong in black 
components, and low in saturation, as compared with 45 
the other color images. 

Furthermore, when a color image having half tone 
areas was formed by the use of the above conventional 
electrophotographic color image forming apparatus, it 
has been found that there is another problem, that is, a 50 
uniform color image of good quality cannot be obtained 
when the highlight areas and shadow areas are devel- 
oped under the same exposing conditions by the non- 
contact developing method used for the formation of 
color images. When the image was developed under the 55 
same exposing conditions, the highlight areas in the 
color image were not sufficiently developed, tending to 
come out missing in parts, and the reproducibility of 
fine lines was poor, the image lacking sharpness and 
thus resulting in a color image of poor quality. 60 

DISCLOSURE OF THE INVENTION 

One of the objects of the present invention is to pro- 
vide an electrophotographic image forming method in ' 
which the balance between the black and color compo- 65 
nents is optimized, thus reproducing a good full color 
image. Another object of the invention is to provide an 
electrophotographic image forming method for form- 



4 

ing a toner image using a direct current electric field 
projection developing method, in which highlight areas 
are reproduced in good condition while preventing 
shadow areas from overtoning. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram explaining the logic in an electro- 
photographic color image forming method according to 
one embodiment of the present invention. 

FIG. 2 is a schematic diagram of a conventional elec- 
trophotographic color image forming apparatus. 

FIG. 3 is a schematic diagram of a magnetic brush 
type black developer unit used in the apparatus of FIG. 
2. 

FIG. 4 is a chart illustrating the reproducibility of 
gradations when the improvement of the present inven- 
tion is not utilized. 

FIG. 5 is a diagram illustrating the reproducibility of 
a normal dot. 

FIG. 6 is a diagram illustrating the reproducibility of 
an emphasized dot. 

FIG. 7 is a diagram explaining an improved logic in 
the electrophotographic color image forming method 
of the present invention. 

FIG. 8 is a diagram illustrating the reproducibility of 
an emphasized adjacent dot. 

FIG. 9 is a diagram illustrating the reproducibility of 
a non-emphasized adjacent dot. 

FIG. 10 is a diagram explaining the case in which 
isolated dots are disposed closest to each other when 
the logic for determining the color exposure amount in 
one embodiment of the present invention is used. 

FIG. 11 is a chart explaining the effect of highlight 
areas improved by the present invention. 

FIG. 12 is a diagram illustrating the distribution of 
the light intensity for an attention spot suitable for the 
present invention. 

FIG. 13 is a diagram explaining the logic for adjust- 
ing the exposure amount for the attention spot accord- 
ing to the present invention. 

FIG. 14 a schematic diagram of an apparatus em- 
bodying the electrophotographic color image forming 
method in one example of the present invention. 

BEST MODE OF THE INVENTION 

The present invention provides an electrophoto- 
graphic image forming method for reproducing a color 
copy image by repeating the cycle of charging, expos- 
ing and developing a plurality of times to superpose 
black and color toner images on a photoconductor, 
wherein exposure is provided by a beam of light decom- 
posed in pixels, the .exposure amount for a beam spot 
being changed between black and color images. 
■ The present invention also provides an electrophoto- 
graphic image forming method in which development is 
performed by a direct current electric field projection 
developing method, exposure being provided by a beam 
of light decomposed in pixels and being adjusted for an 
attention spot to be exposed on a photoconductor by 
referring to several spots surrounding the attention 
spot. 

In an electrophotographic color image forming 
method in which developing methods of different de- 
veloping characteristics for black and color are com- 
bined, there exist different exposure amounts suitable 
for respective developing methods. To be specific, by 
setting the exposure amount for black at a lower value 
than that for color, the black component is slightly 
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suppressed on the entire image area, permitting repro- 
duction of a copy image of high saturation with good 
color balance. 

In the present invention, the shadow areas in an 
image indicate the dark areas in the image, and the 5 
highlight areas indicate the light areas in the image, 
both terms having the same meanings as generally used 
in the printing industry. 

To suppress the black component as compared with 
color components, the reference exposure amount for 10 
color should preferably be set in the range of 1.1 to 3.0 
times that for black. With the exposure amount less than 
1.1 times, the color components will come out too 
weak, while with the exposure more than 3.0 times, the 
color components will come out too strong, thus result- 15 
ing in a poor copy image. 

To reproduce shadow areas of an image, a reference 
exposure amount and a decreased exposure amount 
should be prepared for every spot, and the decreased 
exposure amount should preferably be used for the 20 
shadow areas. On the other hand, to emphasize high- 
light areas of an image, a reference exposure amount 
and an increased exposure amount should be prepared 
for every spot, and the increased exposure amount 
should preferably be used selectively for the highlight 25 
areas. In the case of an image having both shadow and 
highlight areas, it will be more effective if the decreased 
exposure amount is selectively used for the shadow 
areas, while selectively using the increased exposure 
amount for the highlight areas. 30 

To enhance the reproducibility of shadow areas, the 
exposure amount for the shadow areas should be de- 
creased. The most effective result has been obtained 
when the decreased exposure amount was set in the 
range of 0.5 to 0.9 time the reference exposure amount. 35 
With the exposure less than 0.5 time, the exposure was 
insufficient, while with the exposure more than 0.9 time, 
no effect was recognized of decreasing the exposure 
amount. 

To enhance the reproducibility of highlight areas, the 40 
exposure amount for the highlight areas should be in- 
creased. The most effective result has been obtained 
when the increased exposure amount was set in the 
range of 1.3 to 3.0 times the reference exposure amount. 
With the exposure less than 1.3 times, no effect was 45 
recognized of emphasizing the highlight areas, while 
with the exposure more than 3.0 times, the dots of the 
exposed electrostatic latent image came out too big, 
resulting in an unnatural copy image with the highlight 
areas extremely emphasized. 50 

As the exposure amount for black is decreased, the 
sharpness of the black image gradually decreases. To 
suppress the black component and yet to reproduce a 
sharp black image, it has been found effective to per- 
form the black image forming process prior to other 55 
color image forming processes. Particularly, in repro- 
duction of a full color image, the sharpest black compo- 
nent has been obtained when images were formed in the 
sequence of black, yellow, magenta, and cyan. 

In such a method in which the size of a spot to be 60 
developed is varied by adjusting the exposure amount, 
since the size of the electrostatic latent image must be 
varied as described in the foregoing section of func- 
tions, it is important that the distribution of "the light, 
intensity of the exposure light source having approxi- 65 
mately the Gaussian distribution. Typical examples of 
such light sources include a laser, a light emitting diode 
array, and the like. 
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To provide an increased exposure amount, either the 
exposure time is made longer with the same exposure 
output, or the exposure output is increased with the 
same exposure time. A suitable way for the developing 
method used for the present invention is to increase the 
output per unit time as compared with the reference 
output. 

The following describes in further detail the case in 
which the exposure amount adjusting method of the 
present invention is applied to an image processing 
method for constructing density gradations with mesh 
dots, such as a dither pattern, using a direct current 
electric field projection developing method for color 
developer units in reversal development. 

FIG. 4 shows the reproduction result of gradations 
when the exposure amount for each dot is not varied but 
fixed at a given value. The image density is plotted 
along the ordinate of the chart, and the steps of grada- 
tions along the abscissa. As shown, in the direct current 
electric field projection developing method, the resul- 
tant image has a poor reproducibility of highlight areas 
as well as the shadow areas. 

The potential at an isolated dot in an electrostatic 
latent image formed at this time on the photoconductor 
is shown in FIG. 5 (a, b). The circle in FIG. 5 (a) repre- 
sents the dot to be exposed on the photoconductor, and 
the squares formed by broken lines indicate the posi- 
tions of the surrounding dots. FIG. 5 (b) is a chart show- 
ing the surface potential of the photoconductor where ' 
the dot is exposed. The shaded portion in FIG. 5 {b) 
shows the area where toner adheres when the image is 
developed by the direct current electric field projection 
developing method. As is apparent from this Figure, the 
developed area by the toner comes out smaller than the 
exposed dot, which is the factor responsible for poor 
reproducibility of highlight areas in a full color copy 
image. 

If at this time, the laser output for each dot in the 
highlight areas is increased, the size of the dot on the 
photoconductor becomes larger as shown in FIG. 6 (a 
b) t thus emphasizing the latent image to facilitate devel- 
opment by toner, the size of the reproduced dot coming 
out closer to the desired size, resulting in a good repro- 
ducibility of the highlight area. 

Thus, the exposure amount is increased for highlight 
areas and fine line areas in a color image to emphasize 
the electrostatic latent image, while it is decreased for 
shadow areas to prevent dark areas from overtoning. At 
this time, the judgment as to whether the attention spot 
which is about to be exposed is in a highlight area or a 
shadow area can be easily made by referring to the 
exposure states of the spots surrounding the attention 
spot. For example, "as shown in FIG. 1, if reference 
spots adjacent to the attention spot to be exposed, Le., a 
total of eight spots located at the front, back, left, right, 
diagonally left and right to the front and diagonally left . 
and right to the back of the attention spot, are all in an 
exposed state, it may be assumed that the attention spot 
belongs to a shadow area. On the other hand, if all 
reference spots are in a non-exposed state, the attention 
spot may be judged as an isolated spot. 

Furthermore, it has been found that a better judgment 
can be made if, as shown in FIG. 7, not only the eight 
dots but also the 16 dots adjacent outwardly to the eight 
dots, thus, a total of 24 dots are referred to, when deter- 
mining the exposure amount for the dot. In the previ- 
ously described method, when the dot is judged as an 
isolated spot, thus increasing the dot intensity for that 
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spot, by referring only to the eight surrounding dots and 
determining there are no adjacent dots, if a dot two dots 
away from that attention dot is exposed, the dots which 
are originally independent of each other will be con- 
nected electrostatically, resulting in development of one 5 
big guitar-shaped dot, as shown in FIG. 8 (a, b). This 
emphasizes the highlight area more than necessary. 
Therefore, in this case, as shown in FIG. 9 (a, b), 
smoother reproduction of the highlight area can be 
achieved if the exposure amount for the dots are rather 10 
set at the reference exposure amount. 

For example, using the 24 reference dots shown in 
FIG. 7, if the light intensity for the dot is increased only 
when all the 24 dots are non-exposure dots, the latent 
image of that dot will not be connected with that of 
another isolated dot even when they are disposed clos- 
est to each other, thus the developed dots coming out 
separately from each other, as shown in FIG. 10 (a, b) t 
and attaining smooth reproduction of highlight area as 2Q 
shown in FIG. 11. 

Generally, in a digital processed image, a highlight 
area comprises dots relatively isolated from one another 
and dispersed over the entire area. However, in the 
present invention, for highlight areas of each color, 25 
different exposure conditions are used from those for 
halftone and shadow areas, thus optimizing the expo- 
sure conditions for the highlight areas. Therefore, the 
present invention has the advantage that a color image 
of good quality with good reproducibility of gradations 30 
can be obtained. Also, in the present invention, the 
output of the light source is adjusted so as to vary the 
diameters of the reproduced dots. At this time, the out- 
put distribution of the light source should preferably 
approximate the Gaussian distribution as shown in FIG. 35 
12 

Normally, in methods in which a laser intensity is 
varied, the purpose is achieved by varying the exposure 
potential for the exposed dot. For example, in some of 
such methods, the intensity of laser radiation is sup- 40 
pressed below the level of the photoconductor sensitiv- 
ity, and the phenomenon is utilized in which the devel- 
oping density becomes variable in the region where the 
photoconductor potential does not drop below the re- 
sidual potential. However, the exposure amount adjust- 45 
ing method of the present invention uses a totally differ- 
ent principle from that of such methods. 

Describing the present invention in further detail, 
FIG. 12 (a) illustrates results of light intensity measure- 
ments on a photoconductor with the dot diameter de- 
signed at 90 jim (the area of 1/e 2 of peak intensity is 
rendered as the dot diameter), showing the light inten- 
sity distribution with the output of 3.4 mW (A), 1.5 mW 
(B), and 1.0 mW (C) respectively. FIG. 12 (b) shows the 55 
exposure potential distribution of the photoconductor 
with the above measurements. As is apparent, because 
the absolute value of the light intensity varies as the 
laser radiation intensity is changed, the size of the latent 
image changes as shown in FIG. 12 (Jb). Accordingly, in $q 
this method, the size of the reproduced dot is changed, 
unlike the previously mentioned method in which den- 
sity variation is given to each dot without changing its 
size. It has been found that the exposure amount adjust- 
ing method of the present invention is suitable for the 65 
direct current electric field projection development. 

The following describes specific examples of the 
present invention. 
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EXAMPLE 1 

Referring to FIG. 14, the reference numerals 33, 34 
and 35 indicate non-magnetic, monocomponent devel- 
oper units of a non-contact type which project toner in 
a direct current electric field, the toner being fed to 
respective developing rollers by means of feeding 
blades 36, 37 and 38 provided in the developer units. 
The toner is charged triboelectrically with conductive 
fur brushes 39, 40 and 41 disposed in a contacting array 
with the respective developing rollers, thereby causing 
a thin layer of toner to form on the aluminum develop- 
ing rollers 42, 43, and 49 by means of respective blades 
45, 46 t and 47. The developer unit 33 contains insulative 
toner of yellow (Y), the developer unit 34 magenta (M), 
and the developer unit 35 cyan (C). The reference nu- 
meral 48 indicates a contact type developer unit which 
contains dual-component developer, widely used in an 
electrophotographic apparatus, consisting of insulative 
toner and magnetic carrier. The reference numeral 49 
indicates a developing roller with a magnet contained 
therein, 50 a mixing blade, 51 a feeding auger for feed- 
ing toner from a toner hopper, 52 a developer mixing 
blade, and 53 a doctor blade. The developer units are 
disposed facing the circumference of a photoconductor 
54, with a given gap (developing gap) provided be- 
tween each of the developing rollers 42, 43, 44 and 49 
and the photoconductor 54. The developer units are 
provided with moving mechanisms 55, 56, 57 and 58 
respectively for causing them to move closer to the 
photoconductor when developing is performed and to 
retract when developing is not performed. 

The following shows the specification and develop- 
ing conditions of the black developer unit 48, and the 
properties of the toner used. 

SPECIFICATION AND DEVELOPING 
CONDITIONS OF DEVELOPER UNIT 

Diameter of developing roller 49: 22 mm 
Surface speed of developing roller 49: 340 mm/s 
Developer layer thickness on developing roller 49: 
400 jim 

Rotating direction of developing roller 49: With- 
direction of the photoconductor 54 (Same feeding di- 
rection) 

Developing gap (gap between developing roller sur- 
face and photoconductor surface): 400 /im in develop- 
ing condition, 2 mm in non-developing condition 

PROPERTIES OF TONER 

Type of developer: Dual-component developer of 
toner and carrier 

Average particle diameter of carrier: Approximately 
50 jxm 

Type of carrier: Teflon-coated ferrite 
Charge amount of toner: 4- 10 pC/g 
Average particle diameter of toner: 8 fim 
Relative permittivity of toner: Approximately 2 
The following shows the specification and develop- 
ing conditions of the yellow, magenta and cyan devel- 
oper units, and the properties of the toner used. 

SPECIFICATION AND DEVELOPING 
CONDITIONS OF DEVELOPER UNIT 

Diameter of developing roller: 20 mm 
Surface speed of developing roller: 160 mm/s 
Rotating direction of developing roller: With-direc- 
tion of the photoconductor 54 (Same feeding direction) 
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Toner layer thickness on developing roller: 32 u,m 
Developing gap (gap between developing roller sur- 
face and photoconductor surface): 150 /im in develop- 
ing condition, 2 mm in non-developing condition 

PROPERTIES OF TONER 5 

Charge amount of toner: + 3 u-C/g 

Average particle diameter: 10 /im 

Relative permittivity: Approximately 2 

The following describes the specification of the laser 10 
used as the light source for the above apparatus. Also, 
the light amount distribution of one spot is illustrated in 
FIG. 7. 

SPECIFICATION OF LASER j 5 

Wavelength: 780 nm 

Spot diameter: Area of 1/e 2 of peak intensity to be 90 
um (where e is the base of natural logarithm) 

Exposure resolution : 400 dots per inch 

Exposure amount for black (value on photoconduc- 20 
tor surface): Reference exposure amount = 1.0 mW 

Exposure amount for color: 

Reference exposure amount =1.5 mW, 

Increased exposure amount =3.4 mW 

Referring to FIG. 7, the reference character A indi- 25 
cates the light intensity distribution of one spot with the 
increased exposure amount for color, B with the refer- 
ence exposure amount for color, and C with the refer- 
ence exposure amount for black. 

The following describes the logic for determining the 30 
exposure amount for each attention spot. 

LOGIC 

Reference spots: 

A total of 8 spots shown in FIG. 1 35 
Exposure amount: 

(1) Increased exposure amount when all 8 reference 
spots are in a non-exposure state 

(2) Reference exposure amount for other cases 

To recognize whether the spot to be exposed is in a 40 
shadow area or a highlight area, reference should be 
made in the exposure process for each color, to certain 
spots out of the eight adjacent spots located at the front, 
back, left, right, diagonally left and right to the front 
and diagonally left and right to the back of an attention 45 
spot on a photoconductor. The judgment of the highest 
accuracy can be obtained when reference is made to all 
the eight spots located at the front, back, left, right, 
diagonally left and right to the front and diagonally left 
and right to the back of the attention spot. 50 

An amorphous Se-Te photoconductive drum of 152 
mm in diameter having increased sensitivity to the 
longer wavelength in the infrared region (functionally 
separated selenium photoconductor having increased 
sensitivity to the longer wavelength in the infrared 55 
region, photoconductive layer thickness 60 fim, relative 
permittivity approximately 7) was used for the photo- 
conductor 54, which was made to rotate at the surface 
speed of 160 mm/s. The photoconductor 54 was 
charged at the potential of +900 V by means of a co- 60 
rona charger 59 (scorotron charger, corona voltage: +7 
kV, grid voltage: +1 kV). 

Next, a semiconductor laser 60 was energized to emit 
exposure light. At this time, the exposure on the photo- 
conductor surface was set at the reference exposure 65 
amount Using the semiconductor laser 60, a negative 
black signal was projected onto the photoconductor 54 
to form an electrostatic latent image thereoa The latent 
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image was reversely developed to form a black toner 
image by the black developer unit 48 which was put in 
a developing condition with +600 V applied to the 
developing roller 49. The photoconductor 54 was then 
discharged by means of a eraser lamp 61. The black 
toner image developed at this time on the photoconduc- 
tor 54 reached one to two layers, the toner thickness 
being 10 to 20 urn. 

The photoconductor 54 was again charged this time 
at +600 V by the corona charger 59 (scorotron char- 
ger, corona voltage: +7 kV, grid voltage: +600 V). At 
this .time, the charge potential at the photoconductor 54 
with the black toner image formed thereon was 600 V, 
Thereafter, the light of signal corresponding to yellow 
was projected by the semiconductor laser 60 onto the 
photoconductor 54 to form a yellow electrostatic latent 
image. At this time, the semiconductor laser output was 
set at the increased exposure amount for highlight areas 
in accordance with the previously mentioned logic. 
Then, the photoconductor was made to pass the yellow 
developer unit 33 in a developing condition with +600 
V applied to the developing roller 42, and then the 
magenta developer unit 34, the cyan developer unit 35 
and the black developer unit 48, all in a non-developing 
condition, to form a yellow toner image. 

Next the photoconductor 54, without being dis- 
charged, was again charged this time at +810 V by the 
corona charger 59 (scorotron charger, corona voltage: - 
+7 kV, grid voltage: +800 V). At this time, the charge 
potential at the photoconductor 54 with the black and 
yellow toner images formed thereon was +810 V. 
Thereafter, the light of signal corresponding to magenta 
was projected by the semiconductor laser 60 onto the 
photoconductor 54 to form a magenta electrostatic 
latent image. At this time, the semiconductor laser out- 
put was set at the increased exposure amount for high- 
light area in accordance with the previously mentioned 
logic. Then, the photoconductor 54 was made to pass 
the yellow developer unit 33 in a non-developing condi- 
tion, and the magenta developer unit 34 in a developing 
condition with +800 V applied to the developing roller 
40, to form a magenta toner image. At this time, the 
toner where the yellow and magenta were superposed 
in the highlight areas on the photoconductor 54 reached 
two to four layers, the thickness being 20 to 40 )J,m. The 
photoconductor 54 was then made to pass the cyan 
developer unit 35 and the black developer unit 48 both 
in a non-developing condition. Next, the photoconduc- 
tor 54, without being light-discharged, was again 
charged this time at +840 V by the corona charger 59. 
At this time, the charge potential at the photoconductor 
54 with the black, yellow and magenta toner images 
formed thereon was +800 V. Also, the charge potential 
at the area on the photoconductor 54 where the yellow 
and magenta toner images were superposed was + 780 . 
V. Thereafter, the light of the signal corresponding to 
cyan was projected by the semiconductor laser 60 to 
form a cyan electrostatic latent image. At this time, the 
semiconductor laser output was set at the increased 
exposure amount for highlight areas in accordance with 
the previously mentioned logic. Then, the photocon- 
ductor 54 was made to pass the yellow developer unit 
33 and the magenta developer unit 34 both in a non- 
developing condition, and then the cyan developer unit 
35 in a developing condition with. + 800 V applied to 
the developing roller 44, to form a cyan toner image, 
thus completing a color image on the photoconductor. 
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The color toner image thus formed on the photocon- 
ductor 54 was transferred to paper 63 by means of a 
transfer corona 62, after which the image was fused by 
the fuser unit 64. In the meantime, after transfer, the 
surface of the photoconductor 54 was positively 5 
charged by a pre-cleaning charger 65 (corona voltage 
+ 5.5 kV), and then cleaned with a conductive fur brush 
66 with —150 V applied thereto by pressing it on the 
photoconductor 54. 

As a result, there reproduced a clear color copy 10 
image of high saturation with the combination color 
density of red, green and blue solid portions more than 
1.5, good reproducibility of the highlight areas in the 
color image, and good balance between the color and 
black components. 15 

EXAMPLE 2 

Using the apparatus described in Example 1, a color 
image was formed with the logic for the attention spot 
changed as shown in FIG. 13, the other image forming 20 
conditions remaining unchanged. 

The logic for determining the exposure amount for 
each attention spot is described below. 

LOGIC 25 

Reference spots: 

A total of 8 spots shown in FIG. 1 
Exposure amount: 

(1) Increased exposure amount when all 8 reference 
spots are in a non-exposure state (FIG. 13a) 30 

(2) Decreased exposure amount when 2, 1 and 0 of 
the 8 reference spots are in a non-exposure state 
(FIG. 13 b. c, d) 

(3) Reference exposure amount for other cases 

As a result, enhanced reproduction of the highlight 35 
areas was recognized when the exposure for the atten- 
tion spot was set at the increased exposure amount 
when all the eight reference spots were in a non-expo- 
sure state, and at the reference or decreased exposure 
amount for other conditions. Furthermore, a clear color 40 
copy image of high saturation was reproduced with the 
combination color density of red, green and blue solid 
portions more than 1.5, good reproducibility of high- 
light areas around the density of 0.2 in the color image, 
no overtoning of shadow areas of density over 1.2, and 45 
good balance between the color and black components. 

EXAMPLE 3 

Using the apparatus described in Example 1, a color 
image was formed with the logic for the attention spot 50 
changed as shown in FIG. 13, the other image forming 
conditions remaining unchanged. The logic for deter- 
mining the exposure amount for each attention spot is 
described below. 

LOGIC 55 

Reference spots: 

A total of 8 spots shown in FIG. 1 
Exposure amount: 

(1) Increased exposure amount when 7 of the 8 refer- 60 
ence spots are in a non-exposure state (FIG. 13 a t e) 

(2) Decreased exposure amount when 2, 1 and 0 of 
the 8 reference spots are in a non-cxposurc state 
(FIG. 13 b.c d) 

(3) Reference exposure amount for other cases 65 
As a result, a clear color copy image of high satura- 
tion was reproduced, with the combination color den- 
sity of red, green and blue solid portions more than 1.5, 
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good reproducibility of highlight areas around the den- 
sity of 0.2 in the color image, enhanced reproducibility 
of fme character lines, no overtoning of shadow areas of 
density over 1.2, and good balance between the color 
and black components. 

EXAMPLE 4 

Using the apparatus described in Example 1, a color 
image was formed with the logic for the attention spot 
changed as shown in FIG. 13, the other image forming 
conditions remaining unchanged. The logic for deter- 
mining the exposure amount for each attention spot is 
described below. 

LOGIC 

Reference spots: 

A total of 8 spots shown in FIG. 1 
Exposure amount: 

(1) Increased exposure amount when all 8 reference 
spots are in a non-exposure state (FIG. 13a) 

(2) Decreased exposure amount when 3, 2, 1 and 0 of 
the 8 reference spots are in a non-exposure state 
(FIG. 13 b, c t d, J) 

(3) Reference exposure amount for other cases 

As a result, a clear color copy image of high satura- 
tion was reproduced, with the combination color den- 
sity of red, green and blue solid portions more than 1.5, 
good reproducibility of highlight areas around the den- 
sity of 0.2 in the color image, enhanced reproducibility 
of fine character lines, no overtoning of shadow areas of 
density over 1.0, and good balance between the color 
and black components. 

EXAMPLE 5 

Furthermore, the method in which the eight adjacent 
dots located at the front, back, left, right, diagonally left 
and right to the front and diagonally left and right to the 
back of the attention dot on the photoconductor, plus 
the 16 dots adjacent outwardly to the eight dots, thus, a 
total of 24 dots referred to in the exposure process for 
each color, provides the highest accuracy in determin- 
ing the exposure amount for the attention dot. 

The smoothest reproduction of highlight areas has 
been achieved with the increased exposure amount for 
the exposed dot when all the 24 reference dots are in a 
non-exposure. 

Using the apparatus described in Example 1, a color 
image was formed with the logic for the attention spot 
changed as shown in FIG. 7, the other image forming 
conditions remaining unchanged. The logic for deter- 
mining the exposure amount for each attention spot is 
described below. 

LOGIC 

Reference dots: A total of 24 dots shown in FIG. 7 
Exposure amount: 

(1) Increased exposure amount for the attention dot 
when all 24 reference dots are in a non-exposure 
state 

(3) Reference exposure amount for other cases 
As a result, a clear color copy image of high satura- 
tion, with the combination color density of red, green 
and blue solid portions more than 1.5, good reproduc- 
ibility of highlight areas around the density of 0.2 in the 
color image, enhanced reproducibility of fine character 
lines, no overtoning of shadow areas of density over 1.0, 
and good balance between the color and black compo- 
nents was reproduced. 
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* > *r-r~ . ~~ r~*^~*r amount for black is set at a lower value than that for 

ADVANTAGES OF THE INVENTION color 

The present invention provides an electrophoto- 7. An electrophotographic image forming method as 

graphic image forming method for reproducing a color set forth in claim 1, wherein the light intensity distribu- 

copy image by repeating the cycle of charging, expos- 5 tion of an exposure light source approximates the 

ing and developing a plurality of times to superimpose Gaussian distribution. 

black and color toner images on a photoconductor, 8. An electrophotographic image forming method as 

wherein the exposure amount for each exposed spot for set forth in claim 7, wherein the exposure light source is 

black and color is increased or decreased for the forma- a laser. 

tion of an electrophotographic color copy image of 10 9. An electrophotographic image forming method as 
good quality with good balance between black and set forth in claim 7, wherein an increased exposure 
color, good reproducibility of highlight areas, and no amount is provided by increasing the exposure per unit 
overtoiling of shadow areas. The present invention is time as compared with the reference exposure amount, 
also effective for a so-called twin color electrophoto- 10. An electrophotographic image forming method 
graphic image forming method, such as red and black, 15 for reproducing a color image by repeating the cycle of 
and blue and black. Furthermore, the present invention charging, exposing and developing a plurality of times 
is effective for the formation of full color images. For to superpose black and color toner images on a photo- 
good reproduction of a full color image, reproduction conductor, wherein exposure is provided by a beam of 
of shadow areas as well as highlight areas is an impor- light decomposed in pixels, the exposure being varied 
tant factor. The present invention is particularly effec- 20 for a beam spot between black and color images, and 
tive for the formation of full color images using three wherein development is performed by a direct current 
kinds of toners, yellow, magenta and cyan. electric field projection developing method, exposure 
The present invention also provides a magnetic brush being provided by a beam of light decomposed in pixels 
developing method, which is a contact developing and being varied for an attention spot to be exposed on 
method with developer on a developing roller contact- 25 a photoconductor by referring to several spots sur- 
ing with a photoconductor, for developing black which rounding the attention spot. 

needs a lower reference exposure setting than the expo- 11. An electrophotographic image forming method as 

sure for color using a direct current electric field pro- set forth in claim 10, wherein the surrounding reference 

jection developing method, wherein low fidelity to an spots include at least several spots out of eight adjacent - 

electrostatic latent image and tendency to develop a 30 spots located at the front, back, left, right, diagonally 

latent image larger than its actual size, both shortcom- left and right to the front, and diagonally left and right 

ings inherent to the magnetic brush developing method to the back of the attention spot to be exposed on the 

which can develop fine lines with sufficient density, are photoconductor. 

overcome. Furthermore, the present invention is effec- 12. An electrophotographic image forming method as 

tive as a developing method in the case of stronger 35 set forth in claim 4, wherein the surrounding reference 

black component when the so-called toner projection spots consist of the eight adjacent spots located at the 

development, i.e., a developing method in which an AC front, back, left, right, diagonally left and right to the 

voltage is applied between the photoconductor and the front, and diagonally left and right to the back of the 

developing roller, and the photoconductor does not attention spot to be exposed on the photoconductor. 

come in contact with the developer on the developing 40 13. An electrophotographic image forming method as 

roller, is used for development of black. set forth in claim 12, wherein exposure for the attention 

We claim: spot is set at an increased exposure amount when all the 

1. An electrophotographic image forming method for eight reference spots are in a non-exposure state, and at 
reproducing a color image by repeating the cycle of a reference or decreased exposure amount for other 
charging, exposure and developing a plurality of times 45 conditions. 

to superimpose black and color toner images on a pho- 14. An electrophotographic image forming method as 

toconductor, wherein exposure is provided by a beam set forth in claim 10, wherein the surrounding reference 

of light decomposed in pixels, the exposure being varied spots consist of the eight adjacent dots located at the 

for a beam spot between black and color images. front, back, left, right, diagonally left and right to the 

2. An electrophotographic image forming method as 50 front, and diagonally left and right to the back of the 
set forth in claim 1, wherein the color consists of yel- attention spot to be exposed on the photoconductor, 
low, magenta and cyan. plus 16 dots adjacent to the eight dots, a total of 24 dots. 

3. An electrophotographic image forming method as 15. An electrophotographic image forming method as 
set forth in claim 1, wherein the formation of images is set forth in claim 14, wherein exposure for the dot to be 
performed by first forming a black image. 55 exposed is set at an increased exposure amount when all 

4. An electrophotographic image forming method as the 24 reference dots are in a non-exposure state. 

set forth in claim 3, wherein development of the black 16. An electrophotographic image forming method as 

image is performed by a contact developing method in set forth in claim 10, wherein the light intensity distribu- 

which a photoconductor comes in contact with a devel- . tion of an exposure light source approximates the 

oper on a developer holder. 60 Gaussian distribution. 

5. An electrophotographic image forming method as 17. An electrophotographic image forming method as 
set forth in claim 3, wherein development of the black set forth in claim 16, wherein the exposure light source 
image is performed by a developing method in which an is a laser. 

AC voltage is applied between a developer roller and 18. An electrophotographic image forming method as 

the photoconductor, the photoconductor not contact- 65 set forth in claim 16, wherein an increased exposure 

ing with the developer on the developer roller. amount is provided by increasing the exposure per unit 

6. An electrophotographic image forming method as time as compared with the reference exposure amount, 
set forth in claim 1, wherein a reference exposure * * * * * 
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